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PROCESS FCR PRODOZINS METAL MICROPOWDER 
HALVING PARTTnr.Tg nraMETBR IMIFQRMAIilZED 

5 FTT^T) OF THE jyVgfflffQW 

The present invention relates to a metbod for pro- 
cJucing a metal micrqpowder having a uniform particle 
diameter* m particular, the iixs/ention relates to a 
10 method for producing a metal micxopowder having a metal 
coat of palladium, palladium-sdLlver alloy, platinum, 
silver^ or nicdcel and having a uniform particle diameter. 

BACKGROOND OF THE INVENTION 

15 

A micropowder of palladium, palladium- silver alley, 
platinum, or silver is a prerequisite metal material for 
manufacturing an electrode of condenser, an electrode of 
sensor, or an electrode of IC circuit. A nickel micro- 

20 powder is of value as electroconductive adhesive for 

electrically combining electrodes and other constitution- 
al members of a fuel cell of a solid electrode type or a 
steam electrolyte cell. 

Due to the recent requirements of downsizing elec- 

25 tronic devices and irrproving their performances^ it is 
required to make the above-mentioned vaarious electrodes 
thinner- The electrode hav±ng a smaller thickness, natu- 
rally^ stould have a uniform thickness. Therefore, it is 
required to provide a metal micrqpowder having a u nif orm 

30 particle diameter. However, there is a problem that it 
is not easy to produce a micropowder having a uniform 
particle diameter of a micron</im) level and particularly 
a nanometer(nm) level. 

Japanese Patent Provisional Publication 5-334911 

35 describes an invention for manufacture of an electrode of 
high performances, using a mixture of a globular platinum 
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tniczt^powder and an art^rphous platinum powder having wore 
fine size. Even in th±e method, it is desired to enploy 
a platinum powder having the predetermined diameter level 
and further having a uniform particle diameter. 

5 

SUMMARY OF THE INVENTION 

The present invrntion has an object to provide a 
method for producing a metal micrqpowder havii^ a uniform 

10 particle diameter, vdiich is particularly of value for 
raanufactxxring precious metal electrodes. 

The present invention resides in a method for pro- 
ducing a metal micrqpowder having a uniform particle 
diameter which conprises the sequential steps of: 

15 preparing an aqueous solution vdiich contains two 

salts of metals havitg oxidation-redaction potentiaU.s 
which differ from each other; 

bT-inging a reducing agent into ccmtact vrith the 
aqueous solution in the presence of a protective colloid^ 

20 whe r eby first precipitating micro-particles of a metal 

havii^ a relatively low oxidation-reduction potential and 
then depositing a metal having a relatively high oxida- 
tion-reduction potential on the micro-particles, to p3CO- 
duce double layered particles con^nrising the micro-parti- 

25 ' cles of a metal of a relatively low oxidatian- reduction 
potential coated with a metal of a relatively high oxida- 
tion-reduction potential; and 

bringing the colloidal solution containing the dou- 
ble layered particles into contact with a third metcJ. 

30 salt and a reducing agent. 

Ibe invention further resides in a method for pro- 
ducing a metal micrqpowder havdo^ a uniform particle 
diameter vdiich corrprises bringing a colloidal solution 
containing double layered particles corrprising micro- 

35 particles of a metal of a relatively low oxidation- reduc- 
tion potential coated with a metal of a relatively high 
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oocidaticn-reductlan potential Into contact with a third 
metal salt and a reducing agent. 

The invention furthertnore resides in a metal micro- 
particle congorising a core particle of silver, copper or 
5 tin vtoich is coated with a palladium layer. Which ±s . 
furthi^ coated with pcJ.ladivim, palladixan-silver alloy, 
platinum, silver, or nickel. 

Ti>& invention furthermore resides in a metal micro- 
powder corrprislng a plurality of the tt^tal micro-parti- 

10 cles of the invention. The metal micrapowder preferably 
has a mean diameter in the range of O.l to 0,9 im, par- 
ticularly, in the range of 0.2 to 0.8 laa. Moreover, the 
metal micrqpowder preferably shows a normal diameter dis- 
tribution Og is 3iot more than 2.0, more preferably not 

15 more than 1.9, most preferably not more than 1.8. 

The metal micrqpowder of the invention can be mixed 
with a binder such as ethylcellulose and a spreading 
agent such as terpixieol to prepare an electro-co n du c tive 
paste vfliich is of value for manufacturing electirodes. 

20 ihe invention furthermore resides in a method for 

producix^ a metal micrqpowder which corrprises the sequen- 
tial steps of: 

preparing an aqueous solution which ccntaizis two 
salts of metals having oxidation-reduction potentials 

25 which differ from each other; and 

bringing a reducing agent into contact with the 
aqueous solution In the presence of a protective colloid/ 
whereby first precipitating micro-particles of a metcLL 
having a relatively low oxidation-reduction potenticJ. and 

30 then depositing a metal having a relatively high cxida- 
tion-reduction potential on the raicro-^particles, to pro- 
duce double layers particles conprising the micro-parti- 
cles of a n^tal of a relatively low oxidation- reduction 
potential coated with a metal of a relatively high oxida- 

35 tian-reduction potential. 

The final step of the method of the invention for a 
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metal micropoMder, in v^ch a colloidal solution contain- 
ix^ double layered particles comprising Tnicro-particles 
of a inetSLl of a relatively low oxidation- r^iuction poten- 
tial coated with a metal of a relatively high oxidation- 
5 reduction potentieil into contact with a third metal salt 
and a reducix^ ag^t/ can be preferably carrdLed out by 
one of the following procedures: 

the colloidal solution containing double layered 
particles is first mixed with a reducing agent/ and then 
10 a solution of a third metal salt is added to the mixed 

solution^ v^iile the latter solution is kept \jnder mixing 
— this procedure can be named "reverse addition method"; 
and 

a redvicing agent and a solution of a third metal 
15 salt are simultaneoasly added to the colloidal soluti^i 
containing double layered particles under stirring — 
this procedure can be named "simultaneous addition meth- 
od. 

In the invention, it is preferred that the metal 
20 having a relatively low oxidation- reduction potential is 
silver, copper, or tin, and the metal having a relatively 
high oxidation-reduction potential is palladium. The 
third metal preferably is palladium, palladium- silver 
alloy, platinum, silver, or nickel. 

25 

EFFECTS OF THE IWVENnCW 

■The method of the invention for producing a metal 
micropowder can produce easily a metal mlcrqpowder having 
30 a uniform particle diameter. The metal micropowder of 
the ixxvention can be utilized for preparing' an electro- 
conductive paste favorably enployable for manufacturing 
thin electrodes. 

35 BRIEF DESCRIPTIC^ OF THE DRftWINCS 
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Fig. 1 is an electrotnicroscopic photo of a niicrb^ 
Tpowder (mean particle diaipeter: 0*4 im) conprising a pal- 
ladium/silver double layered particle coated with palla- 
di\m- silver alley ^ Which was produced in Bxaitple 1. 
5 Fig, 2 is an electromicroscopic photo of a micro- 

powder (mean particle diameter: 0.4 fm) cgnprising a pal- 
ladiijan/silver double layered particle coated with palla- 
dium vdiich was piroduced in Bxanple 2. 

Fig. 3 is an electromicroscopic photo of a micro- 
10 povyrcler (mean pcirticle diameter: 0.8 frni) conprising a pal- 
ladixm/silver double layered particle coated with palla- 
diijm meteil which was produced dLn Example 3* 

Fig« 4 is an electromicroscopic photo of a micro- 
powder (mean particle diameter: 0*2 - 0.3 Aim) cOTprislng 
15 a silver/copper double layered particle coated with nick- 
el metal which was produced in Exairple 4. 

Fig. 5 is an electromicroscopic photo of a micro- 
powder (mean particle diaxneter: 0.4 jum) coqprising a pal- 
ladiurg/silver double layered particle coated with plati- 
20 num v^ch was produced in Bxazcple 5. 

Fig. 6 is an electromicroscopic photo of a micro- 
powder (mean particle diameter: 0.54 /xm) cannprising a 
palladiuro/silver double layered partiicle coated with 
platinum v^ch was produced in Bxanple 6 . 
25 Fig. 7 indicates a particle diameter distribution of 

a micropowder cortprising a palladium/silver double lay- 
ered particle coated with platinum which was pzroduced in 
Example 6. 

Pig. 8 is an electromicroscopic photo of a micro- 
30 powder (mean particle diameter: 0.8 /im) com^ising a pal- 
ladium/silver double layered particle coated with plati- 
num vftiich was produced in Bxaxople 7, 

Fig. 9 is an electromicroscopic photo of a platinum 
micropowder \Aiich was produced in Cotiparison Exaitple 1. 
35 Fig. 10 indicates a particle diameter distribution 

of a platinum micropowder produced in OTtparison Exaxrple 1* 
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DETEAIT tTSTi npg CRIPTION OF THE INVKNTION 

The tnethod of the invention for prxDducdLr^ a metal 
5 nd.cxopowdez' conpzises: 

a first step of preparing an aqueous solution ^Mhich 
contains two salts of meals havix^ gxidation-reciuction 
potentials which differ from each other; 

a second step of bringing a reducing agent into con- 

10 tact with the aqueous solution in the presence of a pro- 
tective colloid/ whereby first precipitating micro-par- 
ticles of a metal having a relatively low cxidatian-re- 
duction potential and then depositai^ a metal havizag a 
relatively higji oxidation-reduction potential on the 

15 micro-particles / to produce double layered particles 

cotiprising the micro-particles of a metal of a relatively 
low oxidation- reduction potential coated with a metal of 
a relatively high oxidation-reduction potential; and 

a third step of bringing the colloidal solution con- 

20 taining the double layered particles into contact with a 
third metal ScuLt and a reducing agent. 

According to the method of the invention for produc- 
ing a metal micropowder having a wiiform particle diame- 
ter, an aqueous solution containing two salts of metals 

25 having different oxidation-reduction potential and a 

protective colloid is brought into contact with a reduc- 
ing agent, so as to first reduce a salt of a metal having 
a relatively low oxidation- reduction potential, precipi- 
tatdLng metal fine particles having a imiforro particle 

30 diameter; then a inetal of a relatively high oxidation- 
reduction potential is deposited on the previously pare- 
cipitated metal fine particles, to prepare double layered 
metal particles havii^ a uniform particle diameter, and 
finally a metal is deposited and coated over the surface 

35 of the double layered metal particles by reducing the 

metal salt. In the method of the invention, the colloi- 
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dal solution serves to keep the deposited and fQrmed 
metal fine particles from growing and coagulating, so as 
to produce a tnetal micropowder in \ndiich fine metal parti- 
cles are well dispersed. 
5 Each step of the method of the invention for produc- 

ing a metal micropowder having a uniform particle diame- 
ter is described below in more detadJ.. 

In the first step, an aqaeous solution containing' 
salts of metals having oxicJation-reduction potentials 

10 differing from each other is prepared- Examples of the 
combinations of two metals having different oxidation- 
reduction potentials include a combination of silver, 
copper or tin (which has a relatively low oxidation-re- 
daction potential) arid palladium (viiich has a relatively 

15 high oxidation- reduction potential) , and a conibination of 
copper (which has a relatively low oxidation- reduction 
potential) and silver (which has a relatively high c»d.da- 
tion-reduction potential.) • In other words, the "high" 
and "low" in the combination of the two metal mean rela- 

20 tive levels. The salts of the metals are water- solxible 
salts. However, the solubility in water is not necessar- 
ily high. Examples of the water- sniuble salts include 
sulfate, nitrate, hydrochloride/ carbonate, organic acid 
salts, and various complexes* A ratio of a saJ-t of metal 

25 having a relatively low oxidation-reduction potential and 
a ScLLt of metal having a relatively high oxidation-ireduc- 
tion potential generally is in the range of 1:10 to l: 
100,000 ( former: latter) ^ .preferably in the range of 1:100 
to 1:10, 000* 

30 Subsequently, a reducing agent is brou^at into con- 

tact with the above-mentioned aqueous metal salt solution 
in the presence of a protective colloid. There is no 
specific limitation with respect to the tenperatijre in 
the contact procedure , However, a surrounding tempeaca- 

35 ture of 10 to 40^ is preferred, and a teitperature of 20 
to 30^ is more preferred. Ihe protective colloid serves 
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to efficiently keep the deposited metal fine particles 
fixan coagulating^ as is described hereinbefore « Exainples 
of the protective colloids having such function include 
\vater- soluble cellulose derivatives such as carboxy- 
5 methylcellulose (CMC) , proteins such as gelatin^ and 
synthetic polymers such sls polyvinyl alccdiol. A pre- 
ferred reducing agent is an organic reducing agent sudh 
as hydrazine fayc3rate. 

contact of a reducing agent vgith the aqueous 

10 metal salt solution in the presence of a protective col- 
loid, the salt of metal having a low oxidation-reductian 
potential is reduced to precipitate fine metal particles 
having a uniform particle diameter, and a salt of metal 
having a high oxidation- reduction potential is then de- 

15 posited around the previously precipitated fine metal 
particles . The growth of thus prepared double layered 
particles is ccmtrolled to produce double layered parti- 
cles having a vmiform particle diameter. 

Subsequently, a reducing agent and a salt of a third 

20 metal forming a surface layer are brought into contact 

with the colloidal solution containing the double layered 
metal particles so that the third metal is deposited and 
coated on the double layered metal particles. There is 
no specific limitation with respect to the tenperature of 

25 the contact procedure. However, a surrounding tenpera- 
ture of 10 to 40°C is preferred, and a tenperature of 20 
to 30^ is more preferred. Exanples of the third metals 
include palladium, pal laditan- silver alloy, platinum, 
silver, and nickel. Exanples of the metal salts include 

30 sulfate, nitrate, hydrochloride, carbonate, organic acid 
salts, and various coirplexes. Ihe reducing agent pref^- 
ably is an organic reducing agent such as the aforemen- 
tioned hydrazine hydrate, 

Ihe procedure for bringing the double layered metal 

35 particles into contact with the salt of third metal and 

reducing agent in the presence of. a protective colloid is 
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preferably caxxied oat by one of the following metbods: 

(1) the colloidal solution containing double lay- 
ered paxticles is fiarst mixed v/ith the reducing agent, 
axxd then the solution of the third tnetal salt is added to 

5 the mixed solution, Mihile the latter solution is kept 
under mixing (reverse addition method) ; and 

(2) the reducing agent and the solution of the 
third metal salt are simultaneously added to the colloi- 
dal solution containing double layered pairticles under 

10 stirring (simultaneous addition method) . 

Ihese addition methods are described in detail in 
•Japanese Patent Provisional Publication 2002-334614. 

The metal mlcropowder produced ty the method of the 
invention comprises three layered particles ^> di i ch are 

15 cotrposed of a fine particle nucleus (center layer) of a 
metal having a relatively low oxidation-redaction poten- 
tial, an intermediate layer formed around the center 
layer vfaLch conprlses a metal having a relatively his^ 
oxidation-reduction potential, and a surface layer formed 

20 around the intermediate layer. Ihe fixrst formed fine 
partiicle nucleus is produced by reduction of tlie metal- 
salt. Growth and coagulation of the fine particle nuclei 
are inhibited in the presence of a protective colloid, so 
that there are produced fine particle nuclei having a 

25 unifoiTO diameter in the aqueous solution. Further, coag- 
ulation of the produced double layered metal particles is 
also inhibited in the presence of a protective colloid- 
Accordingly, there are produced double layered metal 
partiicles having a uniform particle diameter. Fuartdier- 

30 trore, there are finally produced three layered metal par- 
ticles (metal mlcropowder) having a uniform particle 
diameter to the presence , of the protective colloid « 

35 

[Example 1] Production of metal micrppowder having sil- 
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ver-palladium alloy siarf ace layer (tnean particle diame- 
ter: 0-4 fjm) 

(1) Pri^jaraticm of aqueous palladium salt solution 

In a 500 mL-vol\jme beaker were placed and stirred 
5 with a magnetic stirrer dichlorodiamine palladium (11) 
[cis-[PdCa2(NH3)=*(II)] in an axnount of 50 g (in terms of 
palladium amount) and 300 mL of water. Subsequently, 100 
triL of cone, aqueous ammonia (NHiiOH) was placed in tbe 
beaker, and the beaker was sealed with a wrapping film. 
10 The content in the beaker was stirred for one hour* The 
content in the bea]<er was almost dissolved, and the con-- 
tent was filtered. The solution v»s diluted with water, 
to give 500 tiiL of an aqueous palladium salt solution. 

(2) Preparation of aqueous silver salt solution 

15 In a 500 mL- volume brown bottle were placed 6.67 g 

(corresponding to 5 g in terms of silver amount) of sil- 
ver chloride ^r\r\ an aqueous ammonia solution (in an 
amount of 400 mL which was prepared by diluting lOO inL of 
a oonci aqueous ammonia with water) . Ihe JMCown bottle 

20 was shielded from light by means of a resin film and an 
aluminum foil. The cont^t in the bottle ws stirred 
with a magnetic stirrer. Subsequently, water was added 
to give 500 mL of an aqueous silver chloride solution. 

(3) Preparation of protective colloid 

25 In a 5 L-volume beaker was placed 4 L of water. 

Then, 40 g of carboxymethylcellulose (CMO) was portion- 
wise added to the water to give an aqueous CMC solution, 
while the water was vigorously stirred. The stirring was 
continued for one hour, to prepare the prxDtective col- 

30 loid. 

(4) Preparation of dispersion containii^ palladiuin/ 
silver double layered particles 

The Xfttoole (50 g in terms of palladivim amount) of the 
aqueous palladium salt solution was added to the vdiole of 
35 the protective colloidal solution prepared above, while 
the protective colloidal solution was kept u n d er stir- 
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rixig. Then, 2.5 mL < corresponding to 25 rag in terms of 
silver amount) of the aqueous silver salt solution was 
portiorcwise ac3ded* Ttie stizxed solution was slowly 
warmed to SO'X; uiader stirring. When the tCTperature of 
5 the stirred solution reached 30*^, an aqueous hydrazine 
hydrate solution (15 iriL/7S tnL) was added. Hie aqueous 
tnixture was further stirred at 30-40*C for one hour* By 
this procedure, there was prepared a dispersion contctin- 
ing palladium/silver double layered particles in which a 
10 palladiTjm layer was placed around a fine silver particle. 
Thus prepared dispersion was stored after tightly wrap- 
ping with a resin film. 

(5) Preparation of aqueous solution containing silver 
metal salt and palladitsn metal &alt 

15 Tto an aqueous palladium nitrate (PdCNpj)^) solution 

in an 'amount of 60 g (in terms of palladium metal amount) 
was added 500 vciL of water, and the mixtiore was stirred. 
Tb the stirxed mixtinre was further added slowly 240 iriL of 
an aqueous ammonia under stirring* Sttbsequently, solid 

20 silver nitrate in an amount of 140 g (in terms of silver 
metal amount) was added, and the mixture was stirred 
•until the miixture turned into a solution. After the 
dissolution of the silver niti^te was confirmed, 200 miL 
of an aqueous ammonia was added. The mixture was stizxed 

25 until a clear solution containing palladium nitrate and 
silver nitrate was prepared. After stirrii^ was com- 
plete, water was added to the solution con ta i nin g palla- 
divmi nitrate and silver nitrate to give 1.2 L of an aque- 
ous solution. 

30 (6) Production of. metal micropowder having silver-pal- 
ladium alloy surface layer 

To 640 raiL of 1% aqueous OVIC solution was add^ 340 
xdL of the dispersion of palladium/silver d o u ble layered 
particles prepared in (4) above, and the mixt\n:^ was 

35 siafficiently stirred. To the resulting colloidal solu- 
tion were subsequently added 50 mL of hydrazine hydrate 
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and 160 rriL of v/ater, Ttie resulting diluted colloidal 
solution (reaction mother solution) was controlled to 
have a tenperature of 26 to 30*^. 

The aqueous solution containing silver salt and pal- 
5 ladiiam salt (prepared in (5) above) wais portionwise added 
to the tenrperatiore-ccxcitrolled reaction mother solution 
for 60 mixmtes, vdiile the temperature of the reaction 
mixture was kept at a level not hi^er than 40*^. After 
the addition was conplete/ the reaction mixture was 

10 stirred for 90 minutes for aging. 

After the aging was cotrplete, CMC was removed, and 
the prxx3uced metal micrx^powder was collected by filtra- 
tion and dried* The microscopic photo of the obtained 
metal micrcQpowder is shown in Fig. 1« The mean particle 

15 diameter of the metal micropowder was 0.4 /xm. As is 

apparent from Pig. 1, the particle diameters were suffi- 
ciently uoiform. It was further confirmed that the sur- 
face layer of the micro particle was made of silver-pal- 
ladi\2m alloy. 

20 [Example 2] Production of metal xaxcxcfpcMder having pal- 
ladium surface layer (mean particle diameter: 0.4 fim) 
(1) Preparation of dispersion containing palladiiW 
silver double layered particles 

The procedures of Example 1 were repeated using the 
25 aqueous palladium salt solution, aqueous silver halide 
solution, and pratective solution, to prepare a disper- 
sion containing palladiimi/silver double layered parti- 
cles. 

(2) Preparation of aqueous palladivim salt solution 

30 To an aqueous palladium nitrate (Pd(N0i)2) solution 

in an amount of 200 g (in terms of palladium metal 
anvDunt) was added 1 L of water, and the mixtvore was 
stirred. While the stirring was continued, 1.2 L of 
acjueous annondLa was added slowly to prepare an aqueous 

35 palladium salt solution. 

(3) Preparation of aqueous hydrazine hydrate 
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Water was added to 100 nlL of hydrazine hydrate, to 
prepare 500 triL of an aqueous hydrazixie l^^drate solution. 
(4) Prx:x3uctian of inetal micrqpowder having palladium 
surface layer 

5 To 890 nli of 1% aqueous 040 solution v?as added 355 

vciL of the dispersion of palladium/silver double layered 
particles obtained in (1) above, and the mixtinre v^as 
sufficiently stirred and kept at 30*<:. 

The resxilting colloidal solution (reaction mother 

10 solution) was stirred. To the stir^red solution were 

simultaneously added the aqueous palladium Soilt solution 
obtained in (2) above and the aqueous hydrazine hydrate 
solution obtained in (3) above. After the addition was 
coirplete, the mixtxnrie was further stirred for 1.5 hours, 

15 vdiile the tenperature was kept in the range of 30 to 40"^* 
orc: was removed by washing, and the prcxiuced metal 
micrqpowder was collected by filtration and dried. The 
microscopic photo of the obtained metal micropowder is 
shown in Pig. 2« The mean particle diameter of the metal 

20 micrqpowder was 0.4 pcm. As is appar^ent from Pig. 2, the 
particle diameters were siofficiently \miform. It was 
further confirmed that the surface layer of the micro 
particle was made of palladium metal. 

25 [£}cample 3] Production of metal micrqpowder having pal- 
ladium sinrface layer (mean particle diameter: 0.8 fjm) 
The procedures of Exartple 2 were repeated except 
that 100 TciL of the dispersion of palladium/silver double 
layered particles was used in the preparation of a metal 

30 micrqpowder having palladium surface layer in Bxanple 2- 
(4) « The microscopic photo of the ctotained metal micro- 
powder is shown in Fig. 3. Tkie mean particle diameter of 
the metal micropowder was 0.8 fm. The particle diameters 
were sufficiently uniform. 

35 

[Exaitple 4] Production of metal micrqpowder having nick- 
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el surface layer (mean particle diameter: ©•2-0 .3 /ot) 
(1) Preparation of aqueous silver salt solution 

In a 500 mL-volxmfce beaker were placed silver nitrate 
(AgNOj) in an anv^omt of 50 g {in terms of silver metal 
5 amount) and 300 mL of water. Subsequently / 100 iriL of 
aqueous ammonia was added* Ihe mixture was stirred for 
one hour^ while the beaker was sealed with a resin film. 
Subsequently, water was added to the mixt\are to make 500 
mL of an aqueous mixture. 

10 (2) Preparation of aqueous copper salt solution 

In a beaker wsls placed copper nitrate (Cu(M03}2} in 
an amount of S g (in terras of copper amount)^ and further 
placed 400 miL of an aqueous ammonia solution (pr^>ared by 
dilutixag 100 mL of a cocc. aqueous ammonia with water) . 

15 The mijcture was stirred for one hour^ viiile the beaker 
was sealed with a resin film. Subsequently, water was 
added to the mixture to make 500 mL of an aqueous mix-- 
ture. 

(3) Preparation of protective colloid 
20 In a 5 L-rvolume beaker was placed 4 L of water. 

Then, 40 g of carboxymethylcellulose (CMC) was portion- 
wise added to the water to give an aqueous CMC solution, 
while the water was vigoroxisly stirred. The stirring was 
continued for one hoxxr, to prepare the protective ool- 
25 loid, 

(4) Prepsoration of dispersion containing silver/copper 
double layered particles 

The whole (50 g in terms of silver amoomt) of the 
aqueous silver salt solution was added to the whole of 

30 the protective colloidal solution prepared above^ \^diile 
the protective colloidal solution was kept xu3der stir- 
ring. Then, 2,5 mL (25 mg in terms of cpEper amount) of 
the aqueous copper salt solution was portionwise added. 
The stirred solution was slowly warmed to 30°C ixnder 

35 stirriijg. When the tenperature of the stirred solution 
reached 30°C^ an aqueous hydrazine hydrate solution (7.5 
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triL/75 Ttffj) was added. Hie aqueoiis mixture was furtber 
stirred at 30-40*C for one hour* By thds procedure, there 
was prepared a dispersion containing silver /cc^jper double 
layered particles in viiich a silver layer was placed 
5 aroond a fine copper particle- Unis prepared dispersion 
was stored after tightly wrapping with a resin film. 

(5) Preparation of an aqueous solution containing nickel 
salt 

In a 2 L-vol\m« beaker were successively placed 
10 nickel carbonate (NiOp^ • 2Ni (OH) a • 4H2O) in an amount of 50 
g (in terms of nickel metal ainoimt) and 1.5 L of water. 
Ihe mixture was stirred with a homogenizer at SO'C, so as 
to disperse and pulverize nickel carbonate. Thus, an 
aqueous nickel salt solution containing a pulverized 
15 nickel salt was prepared, 

(6) ' Preparation of aqiieous hydrazine hydrate 

x^ater was added to 100 mL of hydrazine bydrate, to 
prepare 500 mL of an aqueous hydrazine hydrate solution. 

(7) Production of metal micropowder having nickel sur- 
20 face layer 

To 1,000 mL of 1% aqueous CMC solution was added 300 
tnL of the dispersion of silver /copper double layered par- 
ticles obtained in (4) above/ and the mixture was suffi- 
ciently stirred and kept at 30*C 

25 Ihe resulting colloidal solution (reaction mother 

solution) was stirred- To the stirred solution were 
simultaneously added the aqueous nickel salt solution ob- 
tained in (5) above arid the aqueous hydrazine hydrate 
solution obtained in (3) above. After the addition was 

30 complete/ the mixture was further stirred, while the 
tCTperature was 3cept in the range of 30 to 40*CI. 

CMC was removed by washixsg, and the produc e d metal 
micropowder was collected by filtration and dried. The 
microscopic photo of the obtained metal micropowder is 

35- shown in Fig. 4. The mean particle diameter of the metal 
micropowder was 2 to 3 fjoa. As is apparent from Fig. 4, 
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the pcLTticle "diattteters were sufficiently unifarm. It yaas 
further confirmed tliat the surface layer of the micro 
particle vias made o£ zuLckel metal* 

5 [Exairple 5) Production of metal micropowder having plat- 
inum surface layer (mean particle dian^ter: 0«4 /mO 

(1) Preparation of dispersion containing psJ^ladimq/ 
silver double layered particles 

The procedures of Example 1 were repeated \ising the 
10 aqueous palladium salt solution, aqueous silver halide 
solution, and protective solution^ to prepare a disper- 
sion contaiT)ing palladium/silver double layered parti- 
cles* 

(2) Pr^aration of aqueous platinum salt solution 

15 Water was added to dichlorotetraarnmine platinum(II) 

to prepare 2 L of an aqueous platinum salt solution con- 
taining 500 g of platinum metal. 

(3) Preparation of aqueous hydrazine hydrate 

Water was added to 225 trtL of hydrazine hydrate, to 
20 prepare 500 mL of an aqueous hydrazine hydrate solution* 

(4) Production of metal micropowder having platinum sur- 
face layer 

To 890 raL of 1% aqueous CMC solution was added 340 
mL of t-Tnp> dispersicaa of palladium/silver double layered 
25 pairticles obtained in (1). above, and the mixture was 
sufficiently stirred and kept at 30°C. 

The resulting colloidal solution (reaction mother 
solution) was stirred. To the stirred solution were 
, simultaneously added the aqueous platinum salt solution 
30 contained in (2) above and the aqueous hydrazine hydrate 
solution obtained in (3) above. AEter the addition was 
ccxiplete^ the mixture was further stirred for 1.5 hours , 
vAiile the teirperature was kept in the range of 30 to 40^. 
CMC was removed by washing, and the produced metal 
35 micrcpowder was collected by filtration and dried. Hie 
microscopic photo of the obtained metal micropowder is 
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showa in Fig. 5. *l!he wean particle diameter of the metal 
micrqpowder was 0*4 /xm. 7^ is apparent from Fig. 5, the 
particle diameters were sufficiently xmiforra. It was 
further confirmed that the sxarf ace layer of the micro 
5 particle was made of platinum metal. 

[Exatiple 6] Production of metal mlcrqpowder having plat- 
inum surface layer (mean particle diameter: 0*54 /xm) 

The procedures of Exattple 5- (4) were repeated iising 

10 100 TrtL of the dispersion of palladium/silver double lay- 
ered particles/ to produce a metal micropowder. Ihe 
microscopic photo of the obtained metal micarcpowder is 
shown in Fig. 6* The mean particle diameter of the metal 
micrppowder was 0.54 pan. As is apparent frcm Fig. 6, the 

15 particle diameters ^^Jere sufficiently uniform. It was 
further confirmed that the surface layer of the micro 
particle was made of platinum metal. The diameter dis- 
tribution of the metal micrqpowder is shown in Fig. 7. 
The normELl distribution 50% was 0.54 fm, and the normal 

20 distrilRitian Cg was 1.76. 

[Exaxrple 7] Production of metal micrqpowder having plat- 
inum surface layer {mean particle diameter: 0.8 /xm) 

The procedures of Bxanple 5- (4) were repeated usli^ 

25 50 mL of the dispersion of psLlladiurn/silver double lay- 
ered particles, to produce a metal micrqpowder. The 
microscopic photo of the obtained metal micrqpowder is 
shown in Fig. 8. The mean particle diameter of the metal 
micrqpowder was 0.8 /xm. As is apparent from Fig. 8, the 

30 particle diameters were sufficiently unifoma. It was 
further confirmed that the sinrf ace layer of the micro 
particle was made of platinum metal. 

[Oonparison Exairple 1] 
35 The aqueous platinum salt solution obtained in Exam- 

ple 5- (2) and the aqueous hydrazine hydrate solution 
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Obtained in Exairple 5- (3) were mixed. After the mixture 
was obtained, the mixture was f\irther stirred for 1.5 
hours, while the tenperature was kept in the range of 30 
to 40°C. 

5 The produced platixmm micropowder was collected by 

filtaration and dried- The microscopic photo and the 
diameter distribution of the obtained platinum micro- 
powder are shown in Fig. 9 and Fig. 10, respectively. 
Ihe iiormal distribution 50% was 3.8 fm, and the normal 
10 distribution Og was 2.06. 

[Evaluation Exaxnple] Preparatioo of electro-conductive 
paste, and preparation and evaluation of electrode 

Each of the metal micropowders having platinum sur- 
15 face layer (platinum-coated metal micropowder) obtained 
in Exanples 5 and 7 and Oonparison Example 1 was pro- 
cessed to prepare an electro-conductive paste under the 
following conditions. 

1) Essential conposition of electro-conductive paste 
20 Inorganic conponent/ethyl cellulose/terpineol = 

85/2/13 (weight ratio) 

Hie inorganic conponent was a platinum-coated metai 
micropowder/alTJitdna powder=95/5 (weight ratio) • 

2) Prepared electro-conductive paste 

25 Electro-conductive paste 1: the platinum-coated 

metal micropowder of Oortparison Exanple 1 was xised. 

Electro-conductive paste 2: the platinum- coated 
metal micropowder of Example 7 (mean particle diameter: 
0.8 fjxa) was used. 

30 Electro-conductive paste 3: the platinum-coated 

metal micropowder of Exairple 5 (mean particle diameter: 
0.4 fjoa) was used. 

Electro- conductive paste 4: a mixtvire of the plat- 
inum-coated metal micropowder of Exairple 7 (mean particle 

35 diameter: 0.8 fm) and the platinum- coated metal 

micropowder of Exanple 5 (mean particle diameter; 0.4 pEca) 
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in a weight ratio of 9:1 was used. Tliis paste was pire- 
pared to rnaJce the particles \mder closest packing. 

3) Manufactuine of electrode 

I5ae electro-conductive paste was printed on a ceram- 
5 ic substrate ty screen printing and heated to 1,550^ for 
2 hours, to give an electrode having a thickness of ap- 
proK, 15 /an. 

4) Resistance of electrode 

Electrode prepared from Electro- conductive paste 1.: 
10 60 fanQ*cm 

Electrode prepared from Electro-^conductive paste 2: 

40 /zniQ-cm 

Electrode prepared from Electro-conductive paste 3: 

35 /xmQ*cm 

15 Electrode prqpared from Electro-conductive paste 4: 

20 fcmQ'cm 

Electrode prepared f rcsm pure platinum powder (reference) : 

17 /zmQ-cm 



